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In the same sense in which our ideas concerning 
variation and heredity have been entirely revolutionized 
since 1891, so has a similar change taken place in regard 
to our theories of sex determination. Sex is now treated 
by the same methods that are used for Mendelian char- 
acters in general. From this point of view I propose to 
consider to-day three questions, intimately associated. 
First, the treatment of sex as a Mendelian character; 
second, the relation between sex and the inheritance of 
secondary sexual characters; third, the bearing of the 
recently discovered cases of ‘‘sex-limited-inheritance’’ 
on the problem of the transmission of characters in 
general. 

Most modern theorists are in agreement that the 
heredity of sex can be best understood when one sex is 
regarded as a pure line, or homozygous, and the other 
sex is treated as a phenotype, 2. e., as heterozygous. 
The experimental evidence has made it plain that in 
some animals and plants it is the female that is hetero- 
zygous, and in other animals and plants it is the male 
that is heterozygous. Hence have arisen through the 
necessities of the situation the two following classes of 
formule : 


1From a symposium on ‘‘The Study of Pure Lines of Genotypes,’’ 
before the American Society of Naturalists, December 29, 19-4. 
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In certain groups of animals, as in Abraxas amongst 
insects, and in poultry amongst birds, the first scheme is 
essential to an interpretation of the facts obtained by 
experiment. In other groups, as in Drosophila amongst 
insects, and in man amongst the vertebrates, the second 
scheme accounts for the experimental results. 

These methods of formulation are open to two serious 
objections. As the tables show, the combination of ? ¢ 


stands for the female in one case, and for the male in the 
other. In order to avoid this apparent contradiction it 


is assumed that in some groups femaleness dominates 
maleness, and in other groups maleness dominates fe- 
maleness, which seems to me paradoxical at least. 

It will be observed also that in the first of these 
schemes the male carries none of the sexual characters 
of the female, and in the second scheme the female car- 
ries none of those of the male; both of which assump- 
tions do not seem to me to be completely in accord with 
fact. Cytologists represent these same two schemes. in 
a different way. They represent in the one case the 
female character by X; and the male by the absence of 
X. Thus: 


Gametes 
XO Female x 0) 
OO Male oO (0) 


female male 
This representation covers the first class of cases 
where the female is heterozygous. For the second class, 
where the female is homozygous, the following scheme is 
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used, in which the female is represented by two X’s and 
the male by one X: 


Gametes 
XX Female x x 
XO Male x O 


female male 

The XO—OO scheme applies, as before, to the case of 
Abraxas and to poultry, and the XX—XO scheme to the 
other class of cases. The latter expresses also exactly 
what takes place in the chromosomes of those groups 
where two classes of sperm exist (in relation to the X 
element), as has been demonstrated by Stevens and by 
Wilson. 

In both of these two latter schemes the production of 
the female is ascribed to the presence of the chromosome 
X, but in the first formula one X makes the female and 
its absence stands for the male, while on the second 
formulation two X’s make the female, while one makes 
the male. In one case XO is female and in the other XO 
is male. Again we meet with the same paradox as in 
the first two formulations. 

The chief drawback to these formule is, in my opin- 
ion, the absence of any character to stand for maleness. 
Absence of femaleness does not appeal to me as a suffi- 
cient explanation of the development of a male; for the 
male is certainly not a female minus the female char- 
acters. 

Nevertheless, despite these objections I am inclined 
to think that these two methods of formulation indicate 
the direction in which we must look for an explanation 
of the experimental evidence, and that they may be still 
utilized provided we can so modify them that their in- 
consistences can be made to disappear. 

It seems to me that if we are to succeed in bringing 
sex into line with Mendelian methods we must be pre- 
pared to grant that there are representative genes for 
the male condition and others for the female; and we 
must so shape our formule that the female carries the 
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genes for the male and the male carries those for the 
female. In fact, I am inclined to think that the evidence 
forces us to accept Darwin’s original view, that in each 
sex the elements of the other sex are present; a view that 
has been largely given up by modern theorists (except 
by Strasburger). I think that we must accept this in- 
terpretation for several reasons. Every zoologist is 
familiar with cases in which the same individual may at 
first function as a male and later as a female. More re- 
markable still is the case of the Nematodes in which in 
some species the female has come to produce both eggs 
and sperm as shown by Maupas and more recently by 
Potts, while in another closely related species it is prob- 
ably the male, according to Maupas and Zur Strassen, 
that has come to produce eggs as well as sperm. There 
is further the class of cases where the female develops 
the male secondary characters and the male those of the 
female. This class of cases I shall discuss later, for the 
value of this evidence will turn on whether these seeond- 
ary sexual characters are represented by independent 
genes, or are expressions of the presence of one or the 
other sexual condition; or due to a combination of these 
two possibilities. 

By means of the following formule we can meet the 
requirements that the situation seems to me to demand. 
If we admit that in the first class one of the genes has 
become larger than the other female genes, and if we 
admit that in the second class one of the female genes 
has become smaller than its sister genes we can account 
for the results as the following formule show: 

Gametes 


Fmfm Female Fm 
fmfm Male fm 


‘Ffmm 
female 


FmFm Female Fm 
Fmfm Male Fm 


FFmm 
female 


fm 
fm 

ffmm 

male 

fm 

; male 
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It should be carefully observed that in this scheme the 
female genes, F or f pair when they meet (allelomorphs) ; 
likewise the male genes pair only with male genes. In 
fact, both genes are carried by all of the gametes. Sex- 
ual dimorphism may appear either because one female 
gene has become stronger than-the others, or, because 
one has become weaker. On the first view we have 
the case where the female is heterozygous in its female 
genes; in the latter case it is the male that is heterozy- 
gous in its female genes. If in this latter case we as- 
sume that the weakened female gene is contained in the 
so-called Y-chromosome we can then understand how it 
is that we have a degraded series of this chromosome 
leading in some forms to its final extinction, for even its 
disappearance leaves the formule unaffected. On the 
same grounds we may anticipate that in those species in 
which the X elements are alike in the male, one X in 
the female may be found larger than its partner, al- 
though visible size differences in the chromosomes are 
not essential to the scheme, since these chromosomes 
undoubtedly contain many other factors than those of 
sex whose presence might obscure size relations even 
when such exist in the sex genes. 

These formule appear more complicated than those 
previously given, but in reality they are not so. It is 
the presence of m in all of the gametes that gives the 
appearance of complication. If this is omitted, as in the 
formula given below, the formule are no more complex 


than those given earlier. 
Gametes 
Ff Female 
ff Male 


FF Female 
Ff Male 


The formule might be further simplified, if it seemed 
desirable to do so, by simply indicating the determining 
factor in each case as shown below; thus: 


f 
Fe 
F f 
FF “Fe 
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Gametes 
FO Female’ 
OO Male 


OO Femal2 
Of Male 


But this last simplification is misleading, if the thesis 
that I shall here maintain in connection with sex-limited 
inheritance is correct; because the F’s and the f’s 
omitted in the last case are supposed to be carried in 
definite bodies, the chromosomes, which also carry other 
factors than sex factors, and it is essential to indicate 
their presence in some way in order that these other fac- 
tors may have some means of transportation. 

In a recent paper on sex determination in phylloxerans 
and aphids (1909) I discussed at some length different 
theories of sex determination, and adopted provisionally 
the view that the outcome is determined by a quantita- 
tive factor. The present hypothesis is little more than a 
further development of this same view,? but I hope in a 
form more in accord with the Mendelian treatment of 
the problem. Sex is still represented as the result of a 
quantitative factor F (or f), but its relation to the male 
factor is now expressed, for maleness is not assumed, as 
before, to be no femaleness or less femaleness. Here, as 
there, more of a particular factor turns the scale towards 
femaleness in the first class of cases, and less of the fe- 
male factor allows the scale to turn in the opposite direc- 
tion in the second class of cases.’ 


2In 1903 I suggested that in the case of the bee a quantitative factor 
determines sex, viz., the chromatin; two nuclei producing a female and one 
a male, Wilson (1905) has identified the quantitative factor with a special 
chromosome and this interpretation of the quantitative factor is here fol- 
lowed. On Wilson’s view the male condition is represented by the absence 
of the X-chromosome in some eases, and by the presence of only one X- 
chromosome in the others, (see ante); but on my view the determination of 
sex is regulated by this quantitative factor in reiation to another factor, 
the male determining element. 

8It should be pointed out that these formule are in no way related to 
a suggestion that I made in 1907 in regard to dominance and recessiveness 
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These formule have certain advantages over those 
now in vogue, first, because the male gene is not ignored 
as a factor in sex determination; second, that its pres- 
ence, both in males and females, explains how under cer- 
tain conditions the male or the female may assume some 
of the characters of the opposite sex; third, that the 
paradox of the female being the heterozygous form in 
one class and the male in the other class is, in part at 
least, resolved; fourth, that the ease with which species 
pass from the hermaphrodite condition to that of sexual 
dimorphism and the reverse is understandable; fifth, 
that the production of males by parthenogenetic females 
can be accounted for by the loss of one of the female 
genes in the polar body; and lastly, we see how there 
may be two kinds of eggs, as in Dinophilus apatris, both 
of which can be fertilized; for, in such cases the sperma- 
tozoa should be all alike. 

I do not wish to urge this view too positively, for [ am 
acutely aware that we are only at the beginning of our 


understanding of the problem of sex determination, but 
I believe that the difficulties of the current hypotheses 
must be clearly understood and met if possible.* 


Tuer INHERITANCE OF SECONDARY SEXUAL CHARACTERS 


From the point of view reached in the preceding dis- 
cussion let us now examine the problem of the inherit- 
ance of secondary sexual characters. 

Males are distinguished from females not only by the 
presence of sperm in place of eggs, but by the presence 


in general. That view I have entirely abandoned. In the present hypoth- 
esis the relation of the determining elements is stated in the same form as 
in other Mendelian formule, with the possible exception that here one gene 
is represented as larger or smaller than its allelomorphs, and the scale is 
turned by the mass relation between these female genes and those of the 
male, 

*I have not discussed here the possibility of selective fertilization, 
because if we can explain the facts without this problematical assumption 
we simplify the problem greatly. Moreover, the evidence brought forward 
by Payne, Brown and myself, while admittedly insufficient, stands definitely 
opposed to the view of selective fertilization. 
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of different kinds of ducts, glands, copulatory organs, or 
other accessory sexual apparatus; and also by structures 
not essential to reproduction. These last we call the 
secondary sexual characters. 

It has long been known that in the embryonic develop- 
ment of the vertebrates some of the accessory organs of 
the male appear in the female, and conversely some of 
the accessory organs of the female in the male. This 
evidence seems to me to point with no uncertain mean- 
ing to the conclusion that each sex carries the genes of 
the other. It is however the secondary sexual characters 
rather than these accessory organs of which I wish to 
speak now; for, these often appear to be present in one sex 
only. Are these characters represented in all eggs and 
sperm or are they by-products of the sexual condition of 
the animal? Fortunately there is a good deal of experi- 
mental evidence that bears on this question, but it is also 
true that the evidence teaches that the matter must be 
handled with care, and if I seem to speak dogmatically 
it is for lack of time rather than for want of caution. 

It has been shown by Meisenheimer that removal of 
the gonads of the caterpillar of Ocneria dispar fails to 
produce any effect, or very little, on the secondary sex- 
ual characters of the moth. It would seem, therefore, 
that these characters are represented in the germ cells in 
the same way as are other characters, and are not depend- 
ent for their development on the presence of the gonads. 
Some mechanism must exist by means of which the genes 
of these organs are distributed so that two kinds of in- 
dividuals are produced. It has been suggested by Castle 
that the secondary sexual characters may be carried by 
the Y-element in the formule XX — female, XY —male, 
but this hypothesis fails to explain the results when the 
Y-element is absent, as E. B. Wilson has pointed out. It 
also fails to explain how the male secondary sexual or- 
gans can appear in the female after castration. 

On the sex formule that I have suggested it is pos- 
sible to account for the results, if the genes for these 
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characters are carried by all cells alike; possibly they go 
along with the male-group, but this is not essential. 
Whether they develop, or not, will depend on the pres- 
ence of other genes in the cells. Thus when the Fmfm 
group is present they will be suppressed, or when, as on 
the other formule, the FmF'm group is present. We can 
understand on this view why in the insects the male sec- 
ondary sexual organs do not develop in the female after 
removal of the ovaries, because in this group it is not 
material derived from this source, but from materials 
produced in the cells themselves, that bring about the 
suppression. 

It has been demonstrated by Geoffroy Smith that 
when the young males of the spider crab, Inarchus mau- 
_ retanicus, are infested by Sacculina the secondary sex- 
ual characters of the female develop. It appears that 
the parasite produces some substance that inhibits the 
activity of the male-producing group in each cell, or 
counteracts some materials produced there, so that the 
female characters now find the situation favorable for 
their development. When the young female crab is in- 
fected by Sacculina she does not develop the male sec- 
ondary characters, which is in harmony with the view 
just stated for the manner of action of the parasite. 

In birds and in mammals it has long been recognized 
that some substance is produced in the ovary that in- 
hibits the development in the female of the male second- 
ary sexual characters, for, after removal of the ovaries 
the male characters may to some extent develop. It 
seems fairly clear that here the female group in each 
cell fails to entirely suppress the male characters; the 
inhibiting effect from this source must be reinforced 
from something produced in the ovary. Whether after 
castration of the male the secondary sexual characters 
of the female develop is not so clear, since some at least 
of the characters that characterize the castrated male 
may be juvenile. But on my view the possibility exists 
for the castrated male to produce the secondary sexual 
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characters of the female, if their development is in part 
suppressed by substances made in the testis. 

The view here presented also allows us to explain how 
the secondary sexual characters of the male are trans- 
mitted through the female, as they may be so transmitted. 


THE INHERITANCE OF SEX-LIMITED CHARACTERS 


In recent vears a new class of facts has been discov- 
ered that promises to throw a flood of light not only on 
the sex-determination problem, but also on the problem 
of inheritance in general. [ refer to the cases of sex- 
limited inheritance. 

We mean by sex-limited inheritance that in certain 
combinations a particular character appears in one sex 
only. An example will make this clear. In one of my 
cultures of the red-eved fly, Drosophila, a white-eyed 
male appeared. Bred to red-eyed females, all of the off- 
spring, male and female alike, had red eyes. These 
inbred produced red-eyed males and females, and white- 
eyed males. In other words the white-eyed mutant 
transmitted his character to half of his grandsons, but 
to none of his granddaughters. 

Yet this white-eyed condition is not incompatible with 
femaleness; for, it can be artificially carried over to the 
female by making a suitable cross. If, for instance, a 
white-eyed male is crossed with a heterozygous red fe- 
male, there will be produced red-eyed males and females 
and white-eyed males and females. 

There are certain combinations of sex-limited char- 
acters that give results outwardly similar to sexual 
dimorphism. If a black langshan cock is crossed to a 
dominique hen, all of the sons are barred and all of the 
daughters are black. If a white-eyed Drosophila female 
is crossed with a red male all of the sons will have white 
eyes, and all of the daughters will have red eyes. I have 
another strain of these flies with small wings and still 
another strain with truncated wings. If a female of the 
former is crossed with a male of the latter strain all of 
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the daughters will have long wings and all of the sons 
will have small wings, like their mother. 

These cases conform to Mendel’s principle of segrega- 
tion. Were there time I could show by an analysis of the 
problem why these sex-limited characters behave in in- 
heritance in a different way from secondary sexual 
characters, although the results in both cases may be 
accounted for on the assumption that there are genes in 
the cells for both kinds of characters. In a word, this 
difference exists because one of the factors for the sex- 
limited characters in question is absent from one of the 
female determining chromosomes, while the genes for the 
secondary sexual characters of the male are contained 
in other chromosomes, possibly in those that contain the 
male determinants. 

This interpretation of the relation between the X- 
chromosomes and sex-limited characters makes it now 
possible to demonstrate a point of great theoretical im- 
portance. I invite your serious attention for a few 
moments longer to this question. Three other characters 
have appeared in my cultures that are sex-limited; one 
of these only I may now speak of. A male with wings 
half the normal length suddenly appeared. He trans- 
mitted his short wings to some of his grandsons, but to 
none of his granddaughters. I tried to see if the other 
sex-limited character, white eyes, could be combined in 
the same individual with short wings. As the next dia- 
gram shows a red-eyed short-winged male was bred to a 
white-eyed female with normal wings. All of the off- 
spring had long wings; the female had red eyes and the 
males white eyes. These were inbred and produced 
white and red-eyed males and females with long wings, 
red-eyed males with short wings, and white-eyed males 
with short wings. In the last case the transfer had been 
made. The reciprocal cross also given in the diagram is 
equally instructive. 
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LWF — LWF Long-winged, white 9? . 
SRF . O  Short-winged, red 


LWFSRF — LWF 


LWF SRF SWF LRF Gametes 
LWF — O 3 Gametes 


LWFLWF Long-winged 9? white eyes 
SRFLWF  Long-winged ? red eyes 
SWFLWF Long-winged ? white eyes 
LRFLWF  Long-winged 9 red eyes 
LWF Long-winged ¢ white eyes 
SRF Short-winged ¢ red eyes 
SWF Short-winged ¢ white eyes 
LRF Long-winged ¢ red eyes 


LRF LRF Long-winged, red 9 
SWF O  8Short-winged, white ¢ 


LRFSWF — LRFO 
LRF SWF LWF SRF Gametes 
LRF O Gametes 


LRFLRF  Long-winged 9 red eyes 
SWFLRF  Long-winged 9? red eyes 
LWFLRF  Long-winged 9 red eyes 
SRFLRF  Long-winged 9. red eyes 
LRF Long-winged ¢ red eyes 
SWF Short-winged ¢ white eyes 
LWF Long-winged ¢ white eyes 
SRF Short-winged ¢ red eyes 

In both cases the combination is possible because in 
the female of the hybrid (F,) a shifting of the gene for 
long and that for short wing (both carried by the X- 
chromosome) takes place. This interchange is possible 
during the synezesis of the two X-chromosomes. On the 
other hand the male contains only one X-chromosome 
which has no mate, hence the gene for long wings in the 
hybrid (F,) can not leave that chromosome to pass into 
the male-producing group. If it could do so short-winged 
females would also appear, but as I have shown they are 
not present in the second generation. 

Interpreted in terms of chromosomes these results can 
have, in my opinion, but one meaning. During union of 
homologous chromosomes (during synezesis, perhaps) 
homologous genes pair and later separate to move to op- 
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posite sides (or enter the chromosome sometimes one 
way and sometimes the other). All the genes contained 
in the X-chromosomes can thus shift in the female be- 
cause in this group two X’s are present. Sex-limited 
inheritance is only possible where similar conditions 
exist (either in the male or in the female) and since in 
man color blindness follows the same scheme as does 
white eyes in my flies, we have an experimental proof that 
in the male of homo sapiens there is only one X-chromo- 
some, and this, in fact, Guyer has just shown to be the 
case from cytological evidence. But by parity of rea- 
soning it is the female in Gallus bankiva that should have 
only one X present, but Guyer is persuaded that here too 
(at least in the race of fowls he studied) the male has 
only one X-chromosome. There is then in this case a 
contradiction between the experimental evidence and that 
furnished by cytology and it remains to see which is 
correct. 

Bateson has shown that some of these cases of sex- 
limited inheritance can be explained on the grounds that 
there is a repulsion between the female-determining fac- 
tor and that character that is sex-limited. The view that 
I maintain does not involve the idea of a repulsion be- 
tween unlike elements, not allelomorphic. Spillman’s 
hypothesis also involves this idea of repulsion between 
unlike elements. On my view, on the contrary, an at- 
tempt is made to show how the results may be due to a 
connection existing between certain material bodies in 
the egg; a connection that is consistently carried through 
successive generations, and subject only to the ordinary 
interchange of genes between homologous chromosomes 
(when a pair of chromosomes is present).® 

For several years it has seemed to me that the chromo- 
some hypothesis, so called, could not be utilized to ex- 
plain the Mendelian results in the form presented by 

5 The hypothesis advanced here to explain sex-limited inheritance applies 
also to Abraxas if the latter follows the Fmfm scheme and if in the egg 


there is no interchange between the F-bearing and the f-bearing chromo- 
somes, 
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Sutton, because, if it were true, there could be no more 
Mendelian pairs in a given species than the number of 
chromosomes present in that species. Even if this ob- 
jection could be avoided® the more serious objection still 
remained, namely, that with a small number of chromo- 
somes present many characters should Mendelize to- 
gether, but very few cases of this sort are known. De 
Vries was the first, I believe, to point out that this objec- 
tion could be met if the genes are contained in smaller 
bodies that can pass between homologous pairs of chro- 
mosomes; and Boveri has admitted this idea as compat- 
ible with his conception of the individuality of the 
chromosomes. In the case of the inheritance of two sex- 
limited characters in the same animal we have an experi- 
mental verification of this hypothesis. 


®Spillman’s suggestion that the difficulty exists only when it can be 
shown that more dominant characters can occur in the same individual than 
the number of chromosomes seems to me only to push back the difficulty. 


PURE LINES IN THE STUDY OF GENETICS IN 
LOWER ORGANISMS! 


PROFESSOR H. 8S. JENNINGS 


JOHNS HOPKINS UNIVERSITY 


At the meeting of this society a year ago I asked in a 
paper read,? whether the pure line idea did not deserve 
agitating a little before this society, and I tried to agitate 
it. This was because I saw that for practical purposes 
of future work it would be necessary to make up my mind 
as to the importance of this idea, and it seemed that other 
members of the society might be in the same situation and 
that we might help one another. My method of agitation 
was to give the apparent relations of the results of work 
along this line up to that time, to one of the burning 
problems in our field—the problem of selection. In the 
few minutes that each of us have here the purpose of 
agitation can be served and general results brought 
sharply into view only by naked and dogmatic statements, 
such as one would never use under other conditions. 
Such naked and dogmatic presentation has serious dis- 
advantages—felt most decidedly by the author when his 
critics hold the mirror up to nature. I have therefore at 
times regretted giving forth this paper. But if it has in 
any way acted as an irritant to arouse the discussion fore- 
shadowed in our present program, I shall feel that its 
good results outweigh its painful ones, and that it was 
worth while after all. We are apparently to have 
brought before us a part of that ‘‘thorough try out’’ that 
I asked for, and from a study of our program I think I 
can see that it is not all to be a pean of praise for the pure 
line work. Such illumination and such interest as comes 


1 From a symposium on ‘‘The Study of Pure Lines or Genotypes,’’ be- 
fore the American Society of Naturalists, December 29, 1910. 
2? This JOURNAL, March, 1910. 
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from having both sides presented I believe that we have 
before us. : 

What I wish to attempt is to give some concrete illus- 
trations of the answer to the question discussed by Dr. 
Webber—What are genotypes? I note that some of the 
titles on our program speak of the genotype hypothesis, 
the pure line theory. What I wish to emphasize is that 
these things, whatever we call them, are concrete realities 
—realities as solid as the diverse existence of dogs, cats 
and horses. I find in many biologists not working in 
genetics an incorrigible bent for seeking under such a 
term as genotype something deeply hypothetical or meta- 
physical, and for characterizing it therefore boldly as 
purely imaginative. This is merely because such 
workers have not the things themselves before them. 
The genotype is merely a race or strain differing heredi-. 
tarily in some manner from other races. Neither the 
idea nor the fact is a new one, and we should perhaps do 
better to discuss merely the importance of distinguishing 
in our work the diverse existing strains—rather than to 
introduce an unfamiliar term for a familiar thing. But 
investigation has shown the existence of these strains to 
play a part of such hitherto unsuspected importance that 
it has seemed worth while to introduce a more precise 
term, which shall emphasize their importance for work in 
genetics. In work with a certain lower organism— 
Paramecium—I have found the existence of these diverse 
strains or genotypes to be the guiding fact, not only for 
work in genetics, but for all exact work in comparative 
physiology. I wish to show how this is true. 

We must then distinguish clearly these concrete 
realities called genotypes from any theories that have 
been built up in connection with them;-from any generali- 
zations based on their study up to this time. The exist- 
ence and importance of genotypes are not bound up with 
any particular theory regarding selection or any other 
single point. In lower organisms, at least, genotypes or 
pure lines are merely the name for certain actual exist- 
ences that you have before you; for facts that strike you 
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in the face. We have, side by side in the laboratory, a lot 
of diverse sets of our organisms, each set derived origin- 
ally from one individual, and each differing characteris- 
tically but minutely from the others—the differences per- 
sisting from generation to generation. The behavior and 
properties of these things are of course a matter for 
further study. Can selection change them? Can envi- 
ronmental action permanently modify them? These are 
matters quite distinct from the existence of the genotypes. 
To get a clear grasp of the matter, I believe that those 
not working with lower organisms will find it worth while 
to try to realize the condition which the investigator in 
this field has before him. A comparison may help. In 
lower organisms the genotype is actually isolated, each in 
a multitude of examples, which live along without admix- 
ture, visibly different from all others, for many genera- 
tions, before again plunging into the melting pot of cross- 
breeding. In higher organisms we should have the same 
thing if every rabbit, every dog, every human being, 
multiplied by repeated division into two like itself, till 
there were whole counties inhabited by persons that were 
replicas of our absent president; cities made up of copies 
of our secretary, and states composed of duplications of 
the janitor I saw outside. Every human being, as it now 
stands, represents a different genotype (save perhaps in 
the case of identical twins), and these genotypes become 
inextricably interwoven at every generation. It is there- 
fore easy to. see how the genotype idea might appeal to 
workers among higher organisms as a mere hypothesis. 
What then are these visible, tangible, isolated geno- 
types (or races, or strains) of lower organisms, and how 
are they distinguished? Taking Paramecium as a type: 
1. Some of them differ in size—the size of each remain- 
ing closely constant, under given conditions, for hundreds 
of generations; for years. This was the first difference 
observed, and I tried to demonstrate it by giving meas- 
urements of successive generations of the different races. 
But to the worker in the laboratory these differences are 
evident without refined measurements; the student is at 
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once struck with the fact that one culture is formed of 
individuals that are throughout and constantly larger 
than those of another culture. 

And here, in view of that extraordinary cry ‘‘no here- 
dity without a correlation table’? (a cry that at once 
annihilates most Mendelian evidence of heredity), it may 
be well to define a little more precisely what is meant by 
saying that the diverse sizes are hereditary in the differ- 
ent races. It means that if you keep your different geno- 
types side by side under precisely the same conditions, 
you will find whenever you choose to examine and meas- 
ure them, that each has a characteristic size, differing 
from that of the others. If therefore you follow the 
diverse lines from generation to generation you will get 
a set of chains, each with links differing characteristically 
throughout from the links of the other chains. It means 
that it is possible to predict the diverse relative sizes that 
will be found in the different races, and that when you 
examine them a hundred generations later, you will find 
the prediction correct. These striking facts are what are 
meant by the statement that the diverse sizes are heredi- 
tary in the different lines—and the way to determine 
whether the statement is true or not is to examine the 
lines from generation to generation'to see if the state- 
ment is verified. To neglect this obvious fact; to mix all 
your lines together and then, in order to find out if size is 
inherited, to laboriously work out coefficients of correla- 
tion by refined biometrical methods—is like cutting serial 
sections ten microns thick of an eel, in order to find out 
whether it has an alimentary canal. Persons have been 
known to so bedevil material with refined histological 
methods as to quite miss the alimentary canal of an eel. 
The way to see it is to open the animal up and take a look 
at it. The way to see diverse genotypes is to isolate them 
and look at them and measure them and compare them. 
If the use of correlation tables should succeed in obscur- 
ing these striking facts (as should not be the case with 
proper handling) this would merely show the worthless- 

*Compare Pearson, Biometrika, 1910, Vol. 7, p. 372. 
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ness of this method of attempting to learn the important 
biological facts under consideration. 

2. Some of the genotypes show slight but constant 
differences in structure, which I shall not dwell upon 
here.* 

3. They show most varied differences in their physio- 
logical characters. These physiological differences may 
go with differences in form and structure, or apparently 
they may not—so that we find types that differ, so far as 
detectable, only in physiological peculiarities. 

This fact becomes of great practical importance for 
all physiological investigations, as a few examples from 
Paramecium will show: 

(a) The races or genotypes differ in the conditions, both 
external and internal, that induce conjugation. A worker, 
using a certain strain, works out the conditions inducing 
conjugation and gives precise directions for acecomplish- 
ing this. His colleague, with another strain, finds this 
work all wrong, and the controversy on this ancient 
question continues. One of my strains can be absolutely 
depended on to conjugate monthly if certain definite con- 
ditions are furnished; another under the same condi- 
tions never conjugates; others show intermediate con- 
ditions. These differences require no biometric methods 
for their demonstration. 

(b) Again, the genotypes differ in rate of multiplica- 
tion; under the same conditions some divide once in 
twelve hours; others once in twenty-four or more hours; 
others have intermediate periods. 

(c) The. genotypes differ as to the conditions required 
for their existence and increase. Several strains, out- 
wardly alike, living in the same medium, are cultivated 
side by side on slides, in the usual hay infusion. One 
flourishes indefinitely. Another multiplies for ten gen- 
erations, then dies out completely, and this is repeated 
invariably, no matter how many times we start anew our 


‘For a detailed, illustrated account of the characters, both structural 
and physiological, of these races, see Jennings and Hargitt, ‘‘Character- 
istics of the Diverse Races of Paramecium,’’ Journal of Morphology, De- 
cember, 1910. 


84 THE AMERICAN NATURALIST [ Vou. XLV 


cultures of this genotype. A third lives along in a sickly 
way, barely maintaining its existence. 

Thus we get in our laboratory striking cases of nat 
ural selection between genotypes. To recall our com. 
parison with human beings, if we could mix an entire 
community composed homogeneously of, let us say, 
Roosevelts, with another of copies of your ash man— 
which would be likely to survive? If we place together 
in the same culture two genotypes of Paramecium, as I 
have many times done, almost invariably one flourishes 
while the other dies out. This ruins many a carefully 
planned experiment; it must take place on a tremendous 
seale in nature. 

What distinguishes the different genotypes then is, 
mainly, a different method of responding to the environ- 
ment, And this is a type of what heredity is; an organ- 
ism’s heredity is its method of responding to the envir- 
onmental conditions. Under a given environment the 
genotype A is large, while the genotype B is small. 
Under a given environment the strain C conjugates, 
while D does not. Under a given environment the strain 
E divides rapidly, F slowly or not at all. The various 
strains thus differ hereditarily in these respects, and we 
may say that the differences are matters of heredity. 
And yet we can get these same contrasts within any 
genotype (as our diagram illustrates), by varying the 
environment. The genotype A under one environment 
is large; under another it is small. Under one environ- 
ment the type C conjugates; under another it does not. 
Under one environment EF divides rapidly ; under another, 
slowly. Are then size, conjugation and rate’ of fission 
after all determined by herédity or by environment? 
Such a question, when thus put in general terms, is 
everywhere an idle and unanswerable one. All environ- 
mental effects are matters of heredity when we compare 
types differing in their reaction to the environment; all 
hereditary characters are matters of environmental ac- 
tion when we compare individuals of the same heredity 
under effectively different environmental conditions. 
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Different Race Same Race 
Same Environment Different Environment 


DIAGRAM TO ILLUSTRATE THE RELATION OF HEREDITY TO ENVIRONMENTAL ACTION 
IN DETERMINING CHARACTERS. (See text.) 


Heredity has a meaning only when we (explicitly or im- 
plicitly) compare two concrete cases; when we say: To 
what is due the difference between these two cases? 
Otherwise we can demonstrate either that all character- 
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istics are hereditary (as we heard maintained at Woods 
Hole some summers ago) ; or, with Brooks, that there is 
no such thing as heredity. If we always compare two 
concrete cases, asking to what is due the difference be- 
tween them, and remembering that a difference in hered- 
ity means different response to the same environment, 
we shall avoid these confusions, and shall find the con- 
cept of heredity most useful. 

Do hereditary differentiations ever arise within our 
genotypes, so that from one genotype we get two? In 
other words, do we get from a single type strains that 
differ in their behavior under the same environment— 
the differences persisting from generation to generation? 
This is of course one of the fundamental questions. The 
genotypes of Paramecium, like those of most other or- 
ganisms that have been carefully studied, are singularly 
resistant, remaining quite constant in most respects, so 
far as has been determined. This is an example of what 
gives the genotype concept its practical and theoretical 
importance. This is what is meant by saying that selec- 
tion and environmental action are usually without in- 
herited effect within the genotype. To find differentia- 
tions within the genotypes of Paramecium, we must 
examine certain characteristics that.are most delicately 
poised in their responses to all sorts of conditions; such 
is the rate of multiplication. Studying carefully this 
most sensitive character, we find that differences do arise 
within the genotype. Under given conditions, certain 
rare individuals are found that divide more slowly than 
usual, others more rapidly, and these differences are 
perpetuated from generation to generation indefinitely. 
How are these hereditary differentiations produced? 

The origin of these differentiations is in Paramecium 
as elusive as in most other cases where they have been 
discovered. Apparently they arise in our organism as a 
result of conjugation within the genotype. Certainly if 
after an epidemic of conjugation within the genotype we 
cultivate many isolated exconjugants, we find a certain 
small number of strains that differ in their rate of fission 
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from that which is typical. But the experimental analy- 
sis of this matter is still in progress, and conclusions 
can not yet be drawn. 

It is only in rate of multiplication that I have thus far 
found hereditary differences arising within the pure line, 
and these but rarely. But this encourages one to hope 
that the same may be found for other characters when 
these are extensively studied with sufficient minuteness. 
The negative results thus far reached do not (as many 
critics have pointed out) exclude the possibility that 
rare cases of hereditary variation within the pure line 
will yet be found. What the negative results have 
demonstrated is that a very large share of the observed 
variations in organisms are not hereditary, and that se- 
lection based on these variations leads to no result—a 
conclusion of such great importance as to make the pure 
line work epoch-marking in character. 

Finally, what happens when diverse genotypes mix in 
conjugation? To my disappointment, I have found this 
much more difficult to determine for the infusorian than 
I expected. This is owing to the fact that the condi- 
tions for conjugation differ in the diverse genotypes, so 
that it is almost impossible to get them to conjugate at 
the same time. Further, in the rare cases where two are 
conjugating at once, the assortative mating discovered 
by Pearl results in the two sets remaining separate. 
Thus I have not yet been able to get crosses between two 
genotypes whose characteristics are known beforehand; 
and this will be necessary before a study of inheritance, 
exact in the modern physiological sense, can be made. 
On the other hand, it is possible to get conjugations in wild 
populations that include many genotypes, and to com- 
pare the results with conjugations where but a single 
genotype is involved. Certain most interesting results 
appear. In these conjugations of mixed populations, a 
great number of diverse combinations are produced; the 
variability increases greatly, in size and in other re- 
spects. Numbers of the strains produced die, or multiply 
so slowly that they have no chance in competition with 
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those that are strong and multiply rapidly. Thus many 
of the combinations produced are canceled; only the 
strongest combinations survive. We have then on a 
most extensive scale an operation in natural selection 
and the survival of the fittest; the production of many 
combinations, some of which survive, while others fail. 
As already set forth, there is some indication of the same 
process in the case of conjugation within the genotype. 
At our last meeting I tried to summarize the facts as to 
the relation of genotypic investigation to selection; it 
turned out that much which had been deemed a progres- 
sive action of selection was not such; and up to that time 
the action of selection in modifying genotypes had not 
been demonstrated. Similarly, I had earlier summar- 
ized the facts regarding selection in behavior, showing 
that it there plays a large part. I have hence suffered 
the peculiar fate of being belabored as an anti-selectionist 
in genetics, while subjected in the field of behavior to 
rough treatment as the champion of selection. What I 
tried to do in both cases was, to determine how far we had 
actually seen the effectiveness of selection—holding this 
question quite apart from what we believe must occur, or 
believe will be found to occur when we have seen it. It 
appeared clear, and still appears clear, that a very large 
share of the apparent progressive action of selection 
has really consisted in the sorting over of preexisting 
types, so that it has by no means the theoretical signi- 
ficance that had been given to it. When operating on a 
single isolated type it appeared that the progressive 
action of selection had not been seen. These are facts of 
capital importance to the experimenter; besides their 
theoretical significance, they open to each of us the oppor- — 
tunity to direct our efforts upon precisely this point, and 
so perhaps to be the first to see examples of this funda- 
mental process not yet seen. I hoped to accomplish this 
myself, but after strenuous, long-continued, and hopeful 
efforts, I have not yet succeeded in seeing selection effec- 
tive in producing a new genotype. This failure to dis- 
cover selection resulting in progress came to me as a 
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painful surprise, for like Pearson I find it impossible to 
construct for myself a ‘‘philosophical scheme of evolu- 
tion’’ without the results of selection and I would like to 
see what I believe must occur. It is therefore with some 
pleasure that I am able to record for Paramecium this 
extensive operation of selection among the diverse exist- 
ing lines, and particularly in this extensive production of 
new combinations at conjugation, with cancellation of 
many of the combinations. It would seem that the 
diverse genotypes must have arisen from one, in some 
way, and when we find out how this happens, then 
such selection between genotypes will be all the selection 
that we require for our evolutionary progress. What I 
hope, therefore, is that some one on our program, more 
fortunate than myself, will be able to record seeing the 
actual production of two genotypes from one, or the 
transformation of one into another, by selection, or in any 
way whatever. 

Yet even if this is done, we shall make the greatest 
possible mistake if we therefore conclude that the exist- 
ence of genotypes is unimportant, and throw the matter 
aside ; for work with a mixture of unknown genotypes will 
always give confused and ambiguous results, whose signi- 
ficance no one can know. If on the other hand we work 
with single genotypes, or with known combinations of 
them, we shall understand what our results mean. And 
this applies to work in other fields of biology as well as to 
genetics. 
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SOME EFFECTS OF TEMPERATURE UPON 
GROWING MICE, AND THE PERSISTENCE 
OF SUCH EFFECTS IN A SUBSE- 
QUENT GENERATION? 


DR. FRANCIS B. SUMNER 


Woops Hote, Mass. 


I must preface my remarks by an apology for coming 
before you with some results which have already been 
published pretty fully within the past year.2, My appear- 
ance here may seem the more unwarranted in view of the 
limited amount of evidence which I am about to offer 
upon those subjects which form the focus of attention at 
this meeting, namely heredity and evolution. However, 
aside from the fact that I am acting at the instance of our - 
president, I will say two things in my own defense. 
First, the results which I offer, meager as they doubtless 
are, appear to be the only ones of just this sort which are 
in evidence at present. And secondly, I am bold enough 
to believe that I have developed a promising method of 
attacking a few of the many knotty problems which are 
bound up together in the time-honored question: Are 

‘Read before the American Society of Naturalists, December 30, 1910. 

*¢<Some Effects of External Conditions upon the White Mouse,’’ Journal 
of Experimental Zoology, August, 1909. ‘‘The Reappearance in the Off- 
spring of Artificially Produced Parental Modifications,’?’ AMERICAN Nat- 
URALIST, January, 1910. ‘‘An Experimental Study of Somatic Modifica- 
tions and their Reappearance in the Offspring,’’ Archiv fiir Entwicklungs- 
mechanik der Organismen, June, 1910. 

* Since writing this statement, I have received Semon’s highly interest- 
ing paper, entitled ‘Der Stand der Frage nach der Vererbung erworbener 
Eigenschaften’’ (Fortschritte der naturwissenschaftlichen Forschung, Bd. 
II, 1910). From this I learn that some of the more important features of 
my results have been obtained by Przibram, in the course of experiments 
upon rats, conducted at about the same time as my own. I have not yet 
seen Przibram’s own report of his work, This confirmation will, I trust, 
dispel any doubts as to the statistical significance of my own figures, what- 
ever interpretation we may choose to give them. 
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acquired characters inherited? It is my hope to convince 
you that the method which I have employed conforms to 
certain a priori requirements, on the one hand, and, on the 
other hand, is workable in practise. That my results are 
not thus far more imposing is due, I think, to no defect in 
the method itself, but to the limitations which encompass 
a solitary investigator, deprived of some of the generally 
acknowledged desiderata for successful work in animal 
breeding, such, for example, as assistants, funds and ade- 
quate equipment. 

As to the logical requirements for such a test—to begin 
with, what is it that we are going to test? The ‘‘inherit- 
ance of acquired characters’’?—yes and no. First of all, 
that threadbare expression itself must be relegated to 
limbo where it belongs. For, not only does it fail to indi- 
cate with any precision the subject-matter of our inquiry, 
but historically the expression has been applied to a wide 
range of phenomena, real and alleged. Some of these we 
now know to be fictitious; others, on the contrary, are 
acknowledged facts; while others yet are more or less 
debatable. It is with the debatable group, of course, that 
we are here concerned. But, even among these, we en- 
counter not one problem but many. Suppose, then, that 
we drop all vague generalized expressions and consider 
one more or less restricted problem: Are specific struc- 
tural effects, resulting from the action of external condi- 
tions upon organisms of one generation ever repeated in 
the next generation under such circumstances that the 
immediate and parallel modification of the germ-cells 
may not be invoked as an explanation? Under ‘‘specific 
structural effects,’’ I do not wish to include general con- 
ditions of health, metabolism, ete. 

What are some of the necessary conditions for a fair 
test of this question? To begin with, we must effect our 
modifications in the first generation. And since these 
modifications, if repeated at all, will probably reappear 
in a much-diminished degree, it would seem far prefer- 
able to select characters which lend themselves readily 
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to accurate measurement. Qualitative differences, such 
as those of color or of physiological reactions, do not 
seem well adapted to such experiments, although they 
have commonly been the ones dealt with in studies of this 
sort. 

In the second place, we must choose such an organism 
and such a physical agency that the latter may act upon 
the former without immediately influencing the germ- 
cells. This would seem to rule out of consideration as 
really crucial tests of this problem all experiments, how- 
ever instructive otherwise, in which modification has been 
brought about through the influence of foods, unusual in 
amount or in character. For the effect of these upon the 
parent body is, of course, a chemical one, and the specific 
substances responsible for the modifications are presum- 
ably free to enter the germ-cells. The: experiments of 
Arnold Pictet upon lepidoptera and of Houssay upon 
fowls are to be recalled in this connection. Similar con- 
siderations apply with equal force to any results from 
experiments in which invertebrate animals or ‘‘cold- 
blooded’’ vertebrates have been influenced by tempera- 
ture. The recent work of Kammerer upon lizards‘ and 
that of various investigators upon butterflies and moths 
occur to us at this point; likewise certain features of 
Tower’s work on Leptinotarsa. In such cases, by pretty 
general consent, we have to do with an ‘‘immediate effect 
upon the germ-plasm,’’ and not with transmission at all. 
Later, I shall inquire a little into the validity of this 
assumption. 

In the meantime, I will point out that for certain 
classes of animals this objection cannot be raised, at least 
in its original form. I refer to the so-called ‘‘warm- 
blooded’’ ones. Iam not very well versed in that branch 
of physiology which deals with temperature regulation. 
but the published evidence which I have examined seems 
to show that mammals normally undergo but slight fiuc- 
tuations of body temperature as a result of even very 


* Archiv fiir Entwicklungsmechanik der Organismen, September, 1910. 
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considerable changes in the temperature of the surround- 
ing atmosphere.® 

Assuming, provisionally, the truth of this proposition, 
we may discount in advance the objection that the germ- 
cells of a mammal may be influenced by differences of 
temperature as such. If these differences affect the 
germ-cells at all, and it is reasonable to believe that they 
may do so, they must act upon them indirectly.* I shall 
revert to this point again shortly. 

As some of you may perhaps already know, I have 
succeeded for several years past in producing very 
decided quantitative differences in certain of the external 
parts of mice through the action of widely differing tem- 
peratures. ... (This part of the discussion has been 
omitted in the printed report, since the results in ques- 
tion have already been fully published.) 

In experiments such as those which I am describing, it 
is obviously impossible to subject a single individual to 
both extremes of temperature during growth, and to com- 


pare the differing effects of these upon structure. We 
therefore, of necessity, resort to a comparison of aver- 
ages, based upon as many individuals as possible. If 
each of the contrasted groups is sufficiently large, and if 
its members have been taken at random, the presumption 


°Przibram found that the body temperature of his rats was somewhat 
raised when kept in a room at 30° to 35° C. This last was, however, con- 
siderably higher than the mean temperature of my own warm room, and 
the limits of physiological adaptability seem to have been overstepped in 
his experiments. (See Semon, op. cit., pp. 45, 46.) On the other hand, 
Pembrey (Journal of Physiology, 1895) found that the body temperature 
of mice did not rise appreciably above the normal when the animals were 
kept at a temperature of 29.5° or even 32.5° C. for an hour or more. The 
effects of a more prolonged stay were not determined. I have myself 
recently commenced experiments with mice, using a special clinical ther- 
mometer made for the purpose. I have already (January 21) shown pretty 
conclusively that mice may have almost precisely the same rectal tempera- 
ture at —6°C. as at + 30°C. 

°The same is true even if humidity, rather than temperature per se, is 
the factor chiefly concerned in these modifications. As stated in my first 
paper (1909), the relative humidity of my heated room was very much 
lower than that of the unheated room. Thus far I have not differentiated 
the effects of these two factors. 
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is that the mean potential (that is to say, congenital) 
value of every character is about the same for the two 
lots. I fully realize that the study of genetic problems by 
the use of mass averages has recently received a decided 
set-back, largely through the labors of some of those who 
have contributed to our present program. But until 
some one is ingenious enough to produce a strain of par- 
thenogenetic or self-fertilizing mice, I fear that my only 
practical method of procedure in these experiments is to 
deal with mass statistics based upon ‘‘heterozygous’’ 
stock. 

It must also be pointed out that the technique of the 
problem which I am discussing is inevitably different 
from that involved in the endeavor to find, or to produce, 
‘‘mutations’’ or single abrupt deviations from the parent 
stock, which appear at once in full force, if they appear 
at all, and thereafter breed true. On the contrary, the 
distribution of the lengths for the tail, ear and foot, 
within each of the temperature groups in my experi- 
ments, appears to follow the normal probability curve, 
just as in the case of the so-called ‘‘fluctuating varia- 
tions,’? whose heritability is nowadays so much in 
question. 

In the splendid paper of Professor Johannsen, to which 
we listened yesterday, occurs the following statement: 
‘fas yet no experiment with genotypically homogeneous 
cultures has given any evidence for the Lamarckian view, 
the most extreme ‘transmission’-conception ever issued.”’ 
Leaving aside for the time being the question whether 
results such as mine, even when every possible defect of 
technique has been eliminated, are to be regarded as 
‘‘evidence for the Lamarckian view,’’ let us consider for 
a moment whether the fact that I have not myself found 
it practicable to use ‘‘genotypically homogeneous cul- 
tures’’ does, in reality, invalidate the evidence which I 
offer. Apparently Professor Johannsen would hold this 
to be true. So farasI can see myself, the only difference 
between results from pure and from mixed lines in the 
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present case would be this. Individuals belonging to a 
single pure line would probably respond with much 
greater uniformity to the effects of an environmental 
change than would those belonging to a composite stock, 
consisting of a number of lines. It is quite conceivable 
that among these last some would respond in a much 
greater measure than others. Or indeed some might not 
be affected at all. But here the much-scorned ‘‘mass 
statistics’? would reveal the mean tendencies of the two 
lots, and the resulting data, though confessedly capable 
of further analysis, would be none the less valuable. If 
it be objected that the differences between the two aver- 
ages may be due to the presence in one or both of the con- 
trasted lots of a few ‘‘mutants,’’ while the remaining 
individuals may not have been affected at all, I will only 
point out, as above, that the frequency distributions are 
directly opposed to such an assumption. 

Having produced modifications of the sort mentioned, 
it remained to be seen whether these effects persisted 
beyond the generation immediately influenced. . . . (This 
part of the discussion, including an account of the method 
employed, the results, and certain of the possibilities of 
interpretation, I have thought it best to omit here, in view 
of the fact that I have covered practically the same 
ground in statements already published. I will merely 
note that the offspring of warm-room and cold-room mice, 
although themselves reared under identical temperature 
conditions, presented differences of the same sort as had 
been brought about in their parents through the direct 
effect of temperature, viz., differences in the mean length 
of tail, foot and ear.) 

There remain two principal alternative explanations, 
which are not wholly distinguishable from one another, 
and neither of which admits of being stated except in 
rather vague terms. 

One of these is the assumption that the changes under- 
gone by the parent body are in some way registered in the 
germ cells, so as to be repeated, in a certain measure, in 
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the body of the offspring. This conception has taken 
various forms, commencing with Darwin’s hypothesis of 
‘‘pangenesis.’’ The same general view has recently been 
restated in chemical terms, and in a manner which is 
perhaps far less shocking to our common sense. 

The other alternative is that of a ‘“parallel induction’’ 
or ‘‘simultaneous modification of the germ-plasm,”’ 
through the direct action of the modifying agent. This 
explanation, as we all know, has been freely used by 
Weismann and others to account for a considerable range 
of phenomena, notably the persistence of temperature 
effects in a second generation of butterflies. The phrase 
has indeed become so familiar through long repetition 
that few of us stop to consider just what it implies. 
‘*Parallel modification of the germ-plasm?’’ How can 
the unformed material of the germ cells be modified in the 
same manner as certain groups of somatic cells—say in a 
butterfly’s wing—even by an all-pervading influence like 
temperature? This is obviously not what is intended. 
What we mean, concretely stated, is this: the germinal 
matter is so affected by the temperature that, after some 
hundreds or thousands of cell generations, certain of the 
resulting cells will show peculiarities in their pigment- 
producing powers of the same nature as those which 
arose directly in the somatic cells of the parent. And a 
most curious feature of this coincidence is that these 
modified cells are situated in precisely the same parts of 
the body in the one case as in the other.’ 

Thus do these very simple explanations have a way of 
losing their simplicity when examined critically. In the 
present instance, the hypothesis stated may, for all we 
know, be the one that most nearly represents the truth. 
But it should be stated frankly, in all its complexity, and 
not palmed off upon us as a readily intelligible hypoth- 
esis, which relieves us of the necessity of adopting an 
‘‘inconceivable’’ one such as that of pangenesis. 


™ Weismann’s ‘‘determinant’’ hypothesis offers at least a formal solution 
of this difficulty, but I think that most biologists will agree with me that 
the solution thus offered is almost wholly a formal one. 
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In the case of a warm-blooded animal, of course, such 
an explanation as the foregoing could not be offered with- 
out still further modification. It might be conceded that 
temperature, as such, could not affect the germ-cells to 
any appreciable extent. But it might, on the other hand, 
be contended that the effects of temperature, even upon 
the parent body itself, may not be direct, but may be due 
to the formation. of specific chemical substances, which, 
through the medium of the blood, may be supposed to 
simultaneously influence the body and the germ-cells. 
Thus we should, after all, be invoking a ‘‘simultaneous 
modification of the germ-plasm,’’ as in the case of cold- 
blooded animals. 

Such a conception, vague as it is, has certain decided 
elements of strength. Let me point out, however, as I 
have already done more than once, that any such chemico- 
physiological mechanism as is here assumed would be of 
nearly or quite the same value for evolution as the 
‘inheritance of acquired characters’’ in the old sense. 
An interpretation of this sort might ‘‘save the face’’ of 
certain speculative students of heredity, but the differ- 
ence between the two views would have little but academic 
interest. 

At the present time, I am continuing these experiments 
with mice, and am not only using much larger numbers 
than hitherto, but am resorting to several variations of 
the original theme, by which I hope to reduce the number 
of possible interpretations toa minimum. A friend wrote 
to me recently, wishing me no end of ‘‘good results, not 
Lamarckian.’’ This doubtless represents the attitude of 
a large number of persons toward the whole subject. By 
many, anything with a taint of ‘‘Lamarckism’’ about it 
would seem to be, ipso facto, beyond the pale of legitimate 
scientific investigation, belonging rather to the same cate- 
gory as pre-natal influences, telepathy and the ‘‘border- 
land’’ phenomena of psychical research. But the dawn 
of better times is already with us. 

In conclusion, let me state that my own attitude toward 
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this group of problems is one of indecision. If I confess 
to you, as I am bound to do, that positive results from my 
own experiments will give me far greater satisfaction 
than negative ones, this is chiefly because negative results 
commonly prove nothing. The question would be left 
very nearly as it was before. This, of course, constitutes 
a serious defect in my own vaunted method of attacking 
the problem, a defect which it shares, however, with any 
other which could be devised. But any results are better 
than no results, and these problems seem worth a far more 
thorough testing than they have yet received. The pres- 
ent experiments ought, as Professor MacDougal has 
pointed out,’ and the author keenly realizes, to be sub- 
jected to various checks and controls, and to be continued 
through a considerable series of generations. It is my 
own fervent hope to be able to carry out such a program. 


* Presidential address before the American Society of Naturalists, read 
at Ithaca, December 29, 1910. 
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THE MENDELIAN RATIO AND BLENDED IN- 
HERITANCE! 


SHINKISHI HATATI 


THE WIstTar INSTITUTE OF ANATOMY 


Tue indefatigable efforts of neo-Mendelists have suc- 
ceeded in bringing numerous eases of inheritance, which 
had previously been considered incompatible with Men- 
del’s law, into their domain by widening the original 
limitations. We still have many instances such as 
blended inheritance which can not apparently be harmon- 
ized with the law of Mendel. Recent experiments which 
demonstrate the existence of various degrees of domi- 
nance as well as the mutability of the determinants in 
their behavior, suggested to the writer that various 
forms of inheritance might be considered as degrees of 
modification of the law of Mendel. With this view in 
mind, I have attempted to obtain some general expres- 
sion for the underlying principle of the law of inherit- 
ance by which means Mendel’s original law may possibly 
be theoretically connected with the other cases. In fact, 
I was compelled to pursue this investigation in connec- 
tion with my own experiments on the inheritance of the 
weight of the central nervous system, though this is not 
yet ready to present at this time. 

In carrying out this investigation, I have assumed that 
the germ plasm is composed of many factors, the true 
nature of which is unknown, but which in one way or 
another determine the characters in the offspring. It is 
these hypothetical factors which are here provisionally 
called determinants. With this understanding, we may 
now proceed to the argument. 

Suppose a gamete of one parent after the reducing 
division contains » determinants, the whole group of 

1 Read before the American Society of Naturalists, December 30, 1910. 
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determinants being designated p, and the gamete of 
another parent also contains after the reducing division 
n determinants, the whole group being designated q. 
Then in the first hybrid zygote (F,) there will be con- 
tained at the time of the union of the gametes 2” determ- 
inants. As we know, rearrangement takes place during 
the maturation of the germ cells and we assume this 
rearrangement to involve a random sampling by which 
n determinants are taken from the group of 2x. From 
the theory of probabilities we find that n, n —1, n —2 
. determinants of either parent contained in the 
gametes of F, are proportional to the successive terms 
of the following series: 
The same phenomenon happens in the gametes of the 
other hybrid parent (F,) and since the gametie consti- 
tution of the two hybrid parents is assumed to be identi- 
eal with respect to the distribution of determinants (1), 
the frequency of the various combinations of the de- 
terminants in the second hybrid offspring (F,) will be 
given by the square of (1) or 


n(n — 1 Un—1\(n—2 
( i 1) pg + ( i ), 


which may also be written as follows: 


(p? + 2pq + 

This series, or the square of the binomial series, is 
then the most general expression for the gametic com- 
position of any hybrid arising from a combination of p 
and q determinants and may therefore be considered as 
the underlying principle of any law of inheritance where 
the idea of determinants is used. 

It is evident that since the somatic characters in ques- 
tion depend entirely on the behavior of the determinants, 
the relative frequency of various zygotes, as well as the 
character of the zygotes, depends on whether p or q de- 
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terminants are related as dominant and recessive, re- 
spectively, or whether they blend. 

Suppose p is recessive and q is dominant in the Men- 
delian sense, we at once obtain from (2) the general 
expression for the alternative inheritance or 


(RR + 2DR + DD)" 


where » refers to the number of allelomorphie pairs of 
characters, and the expansion gives a strict Mendelian 
ratio for any number of allelomorphic pairs of char- 
acters. 

On the other hand, if we consider that p and q determi- 
nants blend with an equal intensity the series (2) will 
give all grades of hybrid characters between the two pa- 
rental types, the frequency of which is proportional to 
the successive terms of a symmetrical point binomial 
curve, and the maximum frequency will be associated 
with the midparental types (case of equipotency). 
Castle’s (’09) experiments with the length of the ear of 
rabbits illustrates this case. 

Again let us suppose that p and q determinants blend, 
but with unequal intensity. According as p or q is pre- 
potent, the zygote will resemble more closely one or the 
other parent. The frequency of each type of zygote 
again will be represented by the symmetrical point bi- 
nomial curve. Thus the present series (2) represents 
both alternative and blended inheritance according to 
the behavior of the determinants. 

The fact just mentioned, that the expressions for both 
blended and alternative inheritance are obtained from 
the same serie§ which represent the gametic composition, 
suggests that we may possibly obtain cases of blending 
in character which normally follow the law of the alter- 
native inheritance, and vice versa, and further we may 
even obtain both blended and alternative inheritance in 
the same offspring by subjecting the hybrid parents to 
different conditions, provided by such treatment we can 
modify the behaviors or functional activity of the de- 
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terminants, since as soon as the behavior is altered, we 
at once obtain from the series (2) another type of in- 
heritance. 

Although we have no clear direct evidence which 
demonstrates an occurrence of such extreme modification 
in the behavior of determinants, nevertheless the possi- 
bility of such an event is amply suggested by the recent 
experiments. For instance Tower (’10) has shown not 
only a reversal of dominance and apparent failure of 
segregation by merely modifying the environment of the 
beetles, but also a case in which the same parents pro- 
duce offspring, some of which follow the law of Mendel 
while others show entirely different behavior with re- 
spect to dominance and segregation. Tennent (710) was 
able to obtain from a cross of Hipponoé esculenta with 
Taxopneustes variegatus, reversal of dominance by de- 
creasing the alkalinity of the sea water. Numerous 
samples of this sort can easily be found in the recent 
literature. 

Whatever be the real condition or conditions which 
control the behavior of the determinants, one point is 
clear from the above, that the determinants are not im- 
mutable in their behavior, but subject to modification. 
This fact naturally leads us to think that we may obtain 
various forms of inheritance which are more or less dif- 
ferent from the type form according to degree of func- 
tional modification. When a modification is maximum, 
we may even obtain a case of blended inheritance in a 
character which normally follows the law of alternative 
inheritance, or vice versa. 

The facts mentioned above then indicate that our de- 
duction from the properties of the formula is not at all 
improbable. 

Again the properties of the formula suggests that we 
can theoretically connect cases of blended inheritance 
with those of alternative inheritance by the mere as- 
sumption that p or q fails to dominate either completely 
or incompletely. Since as we have shown by the degree 
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of dominance, the formula reduces to either equipotent 
or prepotent blending inheritance. From this stand- 
point we may consider that blending inheritance is a 
limiting case of alternative inheritance where either 
dominance is absent (equipotency) or is imperfect 
(heteropotency). If this hypothesis is accepted, then 
Mendel’s law of alternative inheritance may be taken as 
the standard, and all cases referred to it or blending in- 
heritance (though by this some more important features 
of inheritance are not suggested) may similarly be made 
the standard, the Mendelian ratios then becoming a 
special case. 

In this connection Professor Davenport’s (’07) view 
on the law of potency is of great interest. As his view of 
potency is so important, and especially as it clearly ex- 
plains the relation between Mendelism and cases con- 
sidered to be non-Mendelian, I shall quote his words at 
some length. 

After quoting various cases of inheritance, Professor 
Davenport says: 

Taking all cases into account, it is clear that Mendel’s law does not 
cover all; and if not, it must be a special case of a more inclusive law. 
Can we find a more general expression for the inheritance of charac- 
teristics which will cover all these eases? I think we ean and that it 
may be ealled the law of potency. At the one extreme of the series we 
have equipotent unit characters, so that when they are crossed, the 
offspring show a blend, or a mosaic between them. At the other extreme 
is allelopoteney. One of the two characteristics is completely recessive 
to the other. Between the two extremes of equipotency and allelopo- 
tency lies the great mass of heritable characteristics which when opposed 
in heredity, exhibit varying degrees of potency. This sort of inherit- 
ance may be called heteropotency. 

Thus Professor Davenport shows also that Mendelian 
dominance is a particular case of potency, allelopotency, 
though he did not state that blending inheritance is a 
limiting case of Mendelism. 

Whether a new expression ‘‘the law of potency”’ 
should be introduced as Professor Davenport has sug- 
gested, or whether the various potencies may be consid- 
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ered as a limiting case of Mendel’s law of alternative 
inheritance, thus saving the original name, is a matter 
for later decision, though the latter name seems to me 
more appropriate to retain owing to the fact that the 
phenomenon of segregation, most important of all, had 
been first stated by Mendel. 

Let us now consider a limiting case of our formula (2) 
when the values of x (number of allelomorphic pairs of 
characters) increase. In the typical Mendelian ratio, 
the relative frequency of the various zygotes with re- 
spect to any given visible character is proportional to an 
expansion of (1+ 3)" which is the same as (1/4 + 3/4)" 
if we consider the relative values of the frequencies. 
Thus in all known eases of the inheritance, we have to 
deal with an expansion of (r-+ s)" wherer+s—1. A 
concise mathematical formula which represents a limit- 
ing case of the binomial series arising from an expansion 
of (r +s)” will be very useful, especially when we are 
dealing with a quantitative measurement such as weight, 
length, area, volume, ete., since in these cases the values 
of the variates will be graded. Further, the theoretical 
frequency corresponding to each variate when the value 
of n becomes very large, can best be determined from 
such a mathematical expression which represents a limit- 
ing case. 

Without going into any detail of the mathematical 
treatment, it will be seen that we obtain two forms of 
expression according as r—sorr=s. The former will 
be represented by the normal probability curve and the 
latter by a limiting case of a skew binomial curve. For 
representing a skew binomial curve we can best use 
DeF orest’s formula (Professor Pearson’s curve of type 
3). It may be useful to the reader to know that De- 
Forest’s formula degenerates into the normal probability 
curve as its simplest form, as will be seen below. 

DeForest’s formula (Hatai: 710) is usually written in 
the following form: 
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a= quotient of twice the second moment divided 
by the third moment. 
b = second moment. 
Writing c for 
1 
kV 2b 


we have 


log (£) = 1) log (1+ 
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Since for a vanishingly small value of the third moment, 
ab will be a very large number, consequently x/ab will 
be infinitesimal. Thus neglecting all terms in which x/ab 
is factor, we have 

y= 
Restoring the value of C and remembering that for large 
values of ab, k reduces to unity, we finally have 


1 


2 
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which is the familiar formula for the normal probability 
curve. 

From the above it is clear that DeForest’s formula and 
its limiting case represent the frequency distribution of 
the zygotes, whether we are dealing with alternative or 
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blended inheritance. One, however, must not be misled to 
conclude that continuous variation necessarily means 
failure of segregation, since on the contrary apparent 
continuity may be a resultant of combinations of various 
segregating characters. Whether or not given data indi- 
cate a segregation, may be variously tested by some other — 
means according to the nature of the experiment. 

From the above we draw the following conclusions: 

1. The series obtained frém the square of the binomial 
expresses the distribution of determinants for both alter- 
native and blended inheritance. 

2. Blended inheritance may be considered to be a limit- 
ing case of alternative inheritance where dominance is 
imperfect. Thus Mendel’s law of alternative inheritance 
may be considered as the standard and all other cases 
referred to it. 

3. DeForest’s formula with its limiting case ade- 
quately represents frequencies of all known cases of 
inheritance when the number of allelomorphic pairs of 
characters is large, especially when quantitative meas- 
urements are considered. 
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DATA ON THE RELATIVE CONSPICUOUSNESS 
OF BARRED AND SELF-COLORED FOWLS'! 


DR. RAYMOND PEARL, 


MAINE AGRICULTURAL EXPERIMENT STATION 


I. Puystcan Data 


THE purpose of this note is to put on record a rather 
striking physical fact, and to discuss briefly its biological 
significance. Some two years ago Davenport? published 
a short note regarding the relative number of:-self-colored 
and of ‘‘penciled or striped’’ chicks killed by crows one 
afternoon, at Cold Spring Harbor. The rather striking 
result was that out of 24 birds killed, only one was other 
than self-colored. The communication closes with the 
following words: ‘‘This fragment, then, so far as it 
goes, indicates that the self-colors of poultry, which have 
arisen under domestication, tend to be eliminated by 
the natural enemies of these birds, and the pencilled birds 
are relatively immune from attack because relatively 
inconspicuous. 

Some photographs taken on the poultry range of the 
Maine Experiment Station this past summer illustrate 
this point made by Davenport as to the relative conspic- 
uousness of self-colored birds in so striking and com- 
ylete a manner as to warrant their publication and a 
critical discussion of their significance. These photo- 
graphs were made without any thought whatever at the 
time that they were going to bring out the relative con- 
spicuousness of different plumage patterns. Indeed, it 
was not realized that they did so until the finished prints 
were given to me by the station photographer, Mr. Roy- 

1 Papers from the Biological Laboratory of the Maine Experiment Sta- 
tion, No. 23. 


? Davenport, C. B., ‘‘ Elimination of Self-Coloured Birds,’’ Nature, Vol. 
78, p. 101, 1908. 
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Fic. 1. Photograph of a Golden Pencilled Hamburg 3: Practically a solid 
colored bird (red on body, black tail). The few barred feathers which the Jd 
of this variety has are covered by solid colored feathers. In this picture one 
barred feather shows in the region of the saddle. The wind had displaced this 
feather. 


den Hammond, to whom I am indebted for developing 
and printing these pictures. As a matter of fact the 
four pictures which accompany this note were taken for 
the purpose of (a) testing a then new camera as to its 
usefulness in obtaining pictures to form part of a per- 
manent record system in poultry-breeding experiments, 
and (b) to get photographie records of certain particu- 
lar birds of interest from one standpoint or another. 
All the exposures were made by the same person (the 
writer) on the same afternoon and within an hour of 
each other. It was on a cloudless afternoon early in 
August, and the light conditions, shutter-opening, speed, 
and diaphragm opening were constant for all of the pic- 
tures. What differences appear in the pictures, then, 
are such as are referable to the different color patterns 
of the birds, when seen under the light conditions and 
against the kind of background which obtained in this 
case. 
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Fig. 2. A very dark, practically solid black Fz ¢ from the cross Cornish 
Indian ¢x Black F, 9 from Cornish Indian ox Barred Rock 9. 


From these photographs the following points are to be 
noted: 

1. As compared with self-colored birds the barred in- 
dividuals obviously are relatively much less conspicuous, 
when under the same light conditions, and when seen 
against the same kind of a background. The pictures of 
the barred birds (Figs. 3 and 4) are not, to be sure, like 
the ‘‘puzzle’’ pictures of supposedly protectively colored 
organisms, which one sometimes sees, where it is exceed- 
ingly difficult to distinguish the animal from the back- 
ground at all. In both Figs. 3 and 4 it is easy enough 
to see the bird, but at the same time these birds are 
obviously much less conspicuous than those shown in 
Figs. 1 and 2. 

2: This inconspicuousness is equally marked whether 
the barred bird is in the bright sunlight (Fig. 3) or in 
a relatively deep shadow (Fig. 4). 

3. These pictures furnish objective and unbiased phys- 
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Fic. 3. An Fe barred cross-bred chick. Sex g. Produced by mating F, 
barred cross-breds inter se. 


ical evidence regarding the relative conspicuousness of 
two types of plumage pattern. 


II. Data on THE BroLoGicaAL VALUE OF THE INCONSPIC- 
UOUSNESS OF THE BarrED PATTERN 


The physical fact set forth above is obvious: barred 
chickens are clearly less conspicuous than self-colored 
when seen against the background of grass on the range 
where they live. Has this physical fact any biological 
significance? Are the barred birds, by virtue of the 
possession of this color pattern, at any advantage in 
the struggle for existence? Is their relative inconspic- 
uousness any real protection against their natural ene- 
mies? It is the purpose of this section of the paper to 
present some numerical data regarding this matter. 

The only evidence which exists in the literature on this 
problem, so far as poultry is concerned, consists in the 
admittedly fragmentary statistics presented by Daven- 
port, which have been cited above. It should be pointed 
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Fic. 4. A pure Barred Plymouth Rock 9g, with barring of fine quality from 
the fancier’s standpoint. It is to be noted that the bird in this figure is in the 
shadow of a building in contrast to that shown in Fig. 3, which is standing in 
the bright sun. 
out that Davenport’s data are fragmentary not alone in 
respect to the small number of deaths (eliminations in | 
the technical sense) involved, but: also because tliese 
deaths were due to but a single one of the natural ene- 
mies of poultry, namely the crow. There are, of course, 
many others. Under the conditions prevailing on or 
about the poultry plant of which the writer has charge 
the following animals are regular or occasional destroy- 
ers of young chicks: Rats, skunks, foxes, crows, hawks, 
cats.® 

In different seasons the relative importance of these 
different enemies varies. Thus in the breeding season of 
1908 many birds were killed by foxes. In 1909, the year 

°To this list one feels tempted to add that species of vermin which is 


in some respects the worst which attacks a poultry plant, namely the thief, 
but fortunately the range was free from his depredations in 1909. 
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for which statistics are given below, nct a single bird was 
killed by a fox so far as is known. Similarly in 1909 no 
birds were killed by skunks. In 1910 a skunk succeeded 
in getting into a house one night and killed a number of 
birds. On the Maine Station plant normally predaceous 
birds undoubtedly rank first in destructiveness. This is 
probably quite generally true of poultry plants, though 
because of the fact that the loss is distributed so evenly 
over the whole season the importance of this class of 
enemies is apt to be underrated. Next to predaceous 
birds stand rats, under our conditions. An important 
point to be noted is that on the plant under discussion 
here all killing of chickens by rats is done in the daytime. 
Rats burrow in the ground under the houses, and then 
when the chicks are playing about a rat will dash out, 
seize a chick and carry it back to the burrow. It is not 
an uncommon occurrence for a rat thus to kill as many 
as 12 chickens within the space of an hour. With rare ex- 
ceptions we never lose any chickens at night except those 
taken by thieves. The chicks are shut and locked in rat 
and (usually) vermin proof houses at night. Occasion- 
ally, as noted above, a skunk is able to effect entrance 
into a house. This, however, did not happen in 1909, the 
year which furnished the statistics given below. It 
should be clearly understood that in the statistics which 
follow all ‘‘eliminations’’ occurred in the daytime, when 
color and pattern might presumably be of some signifi- 
eance. 

It is my purpose to present some statistics, involving 
a relatively large number of individuals, regarding the 
relation of color pattern to the elimination of chickens 
by all of these natural enemies taken together. These 
statistics cover the hatching season of 1909 in which 
chickens were on the range, and subject to the attacks 
of enemies, from about April 1 to October 1. Birds of 
all colors and patterns ran together on the same open, 
turf-covered range, and, without regard to color or pat- 
tern, all were equally exposed to attack by all sorts of 
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natural enemies. The total number of chickens involved 
was 3,343. An account of the way in which the statistics 
were obtained is necessary. All of these 3,343 chicks 
were of known pedigree, and a numbered aluminum 
leg band was attached to each one when it was re- 
moved from the incubator in which it was hatched. A 
record was made of each chick’s number. This num- 
bered leg band was worn by the chick throughout its 
life. Whenever a chick died a record of this fact was 
made opposite its entry in the pedigree book. Dur- 
ing the season every living chick on the range was 
handled over twice and its leg band number checked back 
with the original entry, and at the end of the season all 
chicks remaining on the range were checked up. 

Now it is clear that dead chicks which come to autopsy 
will fall into two general classes: on the one hand, those 
that died from one or another of the many diseases which 
make the poultry raiser’s life a burden in the springtime, 
and on the other hand, those killed by some enemy but not 
carried away. In the latter class will fall the great ma- 
jority killed by rats, some killed by skunks, and a fair 
proportion of those killed by foxes. Usually a direct 
record can be obtained for practically none of the chicks 
killed by predaceous birds and cats. In 1909 we have 
reason to believe that substantially all unrecorded deaths 
were caused by predaceous birds. 

At the end of the season when the birds are checked 
up all will be accounted for as either (a) living, (b) dead 
from some disease, (c) killed by recorded enemies, or 
finally (d) missing. Of the missing birds there are two 
classes again. On the one hand are those killed by ene- 
mies which carried the carcases away, and on the other 
hand, are those that through accident lost their leg bands, 
and hence, while present in the flock, can not be entered 
upon the records. With the methods of work in use here 
the number of the latter class has always been small. 
Unfortunately I am not able to give exact figures for such 
birds for the season of 1909. It can be stated with cer- 
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tainty, however, that they did not exceed 25. Of this 
number that lost their leg bands 8 were known to be self- 
colored birds. 

There were on the range in 1909 three classes of birds, 
in respect to color pattern. These were (a) barred birds, 
bearing either the pattern of the pure Barred Plymouth 
Rock, or a modification of it;* (b) solid (self-colored) 
black birds, resulting from the cross Cornish Indian 
Game 3 X Barred Rock ?; and (c) pure Cornish Indian 
Games of the dark variety which may for present pur- 
poses be classed as self-colored birds. 

With this somewhat lengthy explanation of the com- 
position of the flock and method of keeping records in 
hand we may proceed to examine the statistics of elimi- 
nation. In compiling these statistics the blank birds 
which lost their bands (ca. 25) have been included with 
the eliminated. This does not affect the conclusions in 
any way because of the facts that (1) the number of such 
birds is so small relatively, and (2) the proportion of 
self-colored to barred birds among those which lost their 
bands is relatively higher than in the general population 
from which they came. The significance of this point 
will be apparent as we proceed. 

We have the following figures, it being understood that 
‘‘eliminated’’ means ‘‘killed by natural enemies’’ with 
the inclusion of the small number of birds which lost their 
bands as noted above. 

Total number of birds = 3,343. 

Number of barred birds=3,007. 

Number of self-colored birds = 336. 

Total number of eliminated birds 325. 
Number of barred birds eliminated = 290. 
Number of self-colored birds eliminated = 35. 

The above figures include all eliminated birds, those 
killed by recorded and unrecorded enemies together. If 
we take only those killed by recorded enemies, which 


“See Pearl, R., and Surface, F. M., ‘‘On the Inheritance of the Barred 
Color Pattern in Poultry,’’ Arch. f. Entwicklungsmech., Bd. XXX, Fest- 
Band fiir Roux), pp. 45-61, 1910. 
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under the conditions prevailing on the plant in 1909 
means practically those killed by rats, we have: 

Number of barred birds eliminated by recorded ene- 
mies = 68. 

Number of self-colored birds eliminated by recorded 
enemies = 6. 

From these figures the following proportions are de- 
rived: Of the total number of birds 10.05 per cent. were 
self-colored. 

Of all the eliminated birds 10.77 per cent. were self- 
colored. 

If we consider by themselves the birds eliminated by 
recorded enemies, we have: 

Of the birds eliminated by recorded enemies 8.11 per 
eent. were self-colored. 

Putting the figures in another way we have: 

Of the self-colored birds 10.42 per cent. were elimi- 
nated by all enemies. 

Of the barred birds 9.64 per cent. were eliminated by 
all enemies. 

Of the self-colored birds 1.79 per cent. were eliminated 
by recorded enemies (chiefly rats). 

Of the barred birds 2.26 per cent. were eliminated by 
recorded enemies. 

Of the self-colored birds 8.63 per cent. were eliminated 
by unrecorded enemies (chiefly predaceous birds). 

Of the barred birds 7.38 per cent. were eliminated by 
unrecorded enemies (chiefly predaceous birds). 

The conclusion to be drawn from these figures, which 
involve a large number of individuals, is obvious. It is 
that the relative inconspicuousness of the barred color 
pattern afforded its possessors no great or striking pro- 
tection against elimination by natural enemies, during the 
season (April 1 to October 1) of 1909 on the poultry 
range of the Maine Experimental Station. It might be 
objected that if the eliminations by predaceous birds 
alone could be separately recorded it would then be found 
that against this class of enemies the barred pattern had 
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great protective value, as suggested by Davenport’s fig- 
ures. This, however, can hardly be the case in the pres- 
ent statistics since if it be assumed that predaceous birds 
killed relatively few barred chicks and relatively many 
self-colored, then it must also be assumed that the other 
unrecorded enemies showed a preference for barred 
birds, since with all enemies taken together substantially 
equal proportions of both kinds of birds were eliminated. 
In other words, if we assume a selective elimination in the 
case of predaceous birds, we are obliged to assume an 
equal and opposite selective elimination on the part of 
other unrecorded enemies. There is no evidence on which 
such an assumption could be based. 

These figures, of course, cover only one year’s expe- 
rience, and are in no wise conclusive, but general obser- 
vation indicates strongly that essentially the same re- 
sult would be shown in other years if it were possible 
to tabulate the figures. Unfortunately neither the 
records of 1908 nor 1910 can be used for this purpose. 
In 1908 there were almost no self-colored birds on the 
range. In 1910, owing to the location of the houses 
on the range and other circumstances which can not 
be gone into in detail, thieves were active on the plant 
and the birds taken were not a random sample of the 
flock in respect to color. 1909 was a fortunate year 
for such a study as the present one. The thieves con- 
fined their attention to adult stock on a part of the plant 
away from the chicks, and left the latter strictly alone. 

Definitely controlled observations regarding the elim- 
ination of animals by natural enemies, covering a consid- 
erable number of individuals and anything like a com- 
plete range of enemies, are exceedingly scarce. The 
whole question of the interplay of factors in the ‘‘strug- 
gle for existence’’ constantly going on in the organic 
world has been discussed very largely from the a priori 
standpoint, throughout the whole period since the ap- 
pearance of the ‘‘ Origin of Species.’’ The ‘‘rabbit with 
his legs a little longer,’’ the ‘‘fox with the little keener 
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sense of smell,’’ the ‘‘bird of dull colors which har- 
monized with the background,’’ et id genus omne, have 
been made to do valiant service. 

Ever since the first description, made by the Nurem- 
berg miniature painter Roésel in 1746,° of a case of pre- 
sumably protective coloration, we have been prone to 
argue that because an organism was colored or formed in 
such a way as to be inconspicuous it was, therefore, nec- 
essarily protected from attack by its enemies to a greater 
or less degree. The logic of such reasoning is flawless. 
It ought to be protected. But a conclusion may be per- 
fectly logical and still not true. In the study of pro- 
tective coloration, including mimicry, it is essential that a 
discovery that an organism is to human eyes inconspicu- 
ous or not readily distinguishable from some other or- 
ganism shall not be considered the final goal. Rather let 
such a discovery always be supplemented by an experi- 
mental or observational determination of whether this 
inconspicuousness really helps the organism, in actual 


practise, in avoiding elimination by natural enemies. It 
is worth noting that more than one recent critical stu- 
dent of these problems who has applied this method has 
brought to light results essentially similar in their gen- 
eral import to those set forth here.® 


5Cf. Miiller, H., ‘‘Schiitzende Aehnlichkeit einheimischer Insekten,’’ 
Kosmos, Jahrg. III, Heft 8, p. 114, 1879. 

*Cf. for example the chapter on ‘‘Colouration of Organisms’’ in Dewar 
and Finn’s ‘‘The Making of Species’? (New York, 1909), and still more 
recently the thorough critical study by Punnett on ‘‘Mimicry in Ceylon 
Butterflies, with a Suggestion as to the Nature of Polymorphism’’ (Spolia 
Zeylonica, Vol. VII, Part XXV, September, 1910, pp. 1-24, 2 plates). 
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SOME CONSIDERATIONS CONCERNING THE 
PHOTOGENIC FUNCTION IN MARINE 
ORGANISMS 


F. ALEX. McDERMOTT 


WasuHINGToN, D. C. 


In two very interesting papers, Professor C. C. 
Nutting’ has brought forth evidence tending to show that 
in oceanic depths below the range of penetration of the 
sun’s rays, there exists a dim, phosphorescent light, quite 
general in its distribution, radiated from various photo- 
genic organisms of the abyssal regions, and having a defi- 
nite and valuable significance for the life of animal forms 
at these depths. 

That such a light actually exists is scarcely to be sanely 
doubted, in view of the evidence of the deep-sea explora- 
tions which have added so much to the knowledge of 
oceanic conditions. And that it has a purpose in the life 
of the forms inhabiting those portions of the ocean beds 
where it exists, seems to the writer equally undeniable, 
unless we accept Emerson’s poetic reasoning that 


“ Beauty is its own excuse for being.” 


Just what its purpose may be in hermaphroditic, simple 
forms not provided with definite organs of sight, and 
indeed also in many higher forms, may, of course, still be 
a legitimate subject for investigation and consideration. 

Professor Nutting’s remarks have been of special 
interest to the writer in connection with some recent 
studies made by the latter on the general subject of bio- 
photogenesis, with special reference to the Lampyride.? 

*(a) ‘‘The Utility of Phosphorescence in Deep-sea Animals,’’? AMER. 
Nat., Vol. 3, 1899, pp. 792-799; (b) ‘‘The Theory of Abyssal Light,’’ 
Proc. VII Cong. Zool., advance reprint, 1910. 

> Amer. Journ, Physiol., 1910 Vol. 27, pp. 122-151; Canad. Entomol., 


1910, Vol. 42, pp. 357-363; Popular Sci. Monthly, 1910, Vol. 77, pp. 114— 
121. 
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The coloring and photogenicity of the organisms found 
in the depths of the sea show some similarities to the 
corresponding features of life on land. 

Take the family Buprestide, of the genus Coleoptera, 
of the order of insects. The insects of this family are 
probably the most brilliantly colored of any of the beetles, 
and are colored quite as brilliantly as the insects of any 
other genus. The colors cover a quite wide range of 
metallic, polished, glistening greens, blues, reds, coppery 
and golden; many of the smaller species wear more 
somber dark blues, browns and blacks, but as a class they 
are brilliant and showy. Obviously, these colors would 
be invisible in the absence of light, and need a light of - 
considerable intensity to bring out their full value. Now 
we find that almost without exception these Coleoptera 
are diurnal; they attain their maximum activity during 
the brightest daylight, and fly but little at night. But one 
species has been reported to be luminous, and unless this 
report is pretty definitely confirmed there is grave reason 
to doubt its authenticity. 

Now let us consider the Lampyride: The beetles of this 
family of almost eleven hundred species are in the great 
majority of instances, luminous; the non-luminous species 
form a decided minority of the true Lampyride. They 
are also, in the great majority of cases, mainly nocturnal 
in habit, hiding out of the sunlight during the day; those 
species which are markedly diurnal in habit are also those 
which are non-luminous, or in which the luminosity is 
relatively slight. In coloration, they show none of the 
bright metallic, showy colors of the Buprestide; black, 
gray, brown and yellow-brown predominate, with occa- 
sional red markings, yellow stripes and indistinct lines 
and spots. In them, the photogenic function possesses at 
least two definite significances: (1) it is an adjunct of the 
sexual organism of the insect, rendered of value to them 
by reason of their nocturnal habits, and (2) it has a pro- 
tective value. In the larve it might also be considered 
to have an aggressive value, in attracting the snails, ete., 
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on which they feed, but this argument would not hold for 
the imagos, which are much more active. 

Most of the above statements apply with equal force 
to the Pyrophorini, the luminous Elateride of the tropics; 
these insects are herbivorous, however, and the aggres- 
sive significance does not hold for them. 

It would seem, then, very probable that similar condi- 
tions obtain in the abyssal region, with its dim weird, 
phosphorescent light. The light produced by the Lam- 
pyride has recently been shown by Ives and Coblentz* to 
have the extremely high radiant efficiency of 96.5 per 
cent., against 4 per cent. for the best artificial illuminant. 
The spectrum of this light is a continuous band extending 
from the upper red to the lower blue with a maximum 
intensity in the yellow-green. This spectrum is of wider 
range than that of the sea-forms cited by Nutting,‘ but 
ean hardly be of less efficiency. The light of the Lam- 
pyride is generally stated to be yellow, or greenish; there 
are some slight variations among different species, but in 
the main the lights are similar; it seems that a great many 
of the marine organisms also give a light of similar 
tone. Therefore colors whose wave-lengths are within 
the limits of those of the emitted lights of these forms, 
would be distinguishable in such a biophotogenic light. 
Although we do not yet know the full details of the 
process of the production of light by living forms, it is 
not too much to assume that Nature has developed it to 
a point very near to the maximum possible efficiency, and 
if such is the ease, the luminous oceanic forms could emit 
a very penetrating illuminating radiation with very little 
expenditure of energy, and though this light might not be 
of any considerable intensity, as judged by our eyes, it 
could undoubtedly serve as quite a useful light to the 
large-eyed denizens of the deep. 

The photogenicity of Salpa, Noctiluca and other such 
simple forms, which are without definite organs of sight, 


* Bulletin of the U. S. Bureau of Standards, 1910, Vol. 6, pp. 321-336. 
* Supra b, page 10. 
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presents other difficulties. It is not, however, necessary 
to the faculty of perception of light that definite organs 
should exist. It is a quite well-known fact that certain 
worms, bacteria, and other low organisms are able to 
detect ultra-violet rays to which the human organism is 
wholly without sensible response, and yet these actino- 
tropic (if a coined word may be pardoned) forms show 
no definite organs such as might be adapted to the receiv- 
ing and recording of the very short wave-lengths of ultra- 
violet light. If, then, existing organisms are known to be 
affected by ultra-violet rays for which they have no 
special sense-organs, it is certainly logical to assume that 
they and other forms may also be susceptible to the 
longer and more easily discerned wave-lengths of visible 
light—especially when those wave-lengths comprise 
mainly the rays possessing the highest illuminating effect 
—and without the necessity for the existence of ‘‘eyes’’ 
or other definite light-receiving organs. As a matter of 
fact Noctiluca, and numerous other marine organisms 
have been shown to be susceptible to light, although 
they possess no specific organs for this function so far as 
we have been able to make out. 

Another consideration as to the purpose of the light 
presents itself here. We must consider the nature of the 
medium in which these creatures live. Water does not 
lend itself as readily as does air to the diffusion of the 
particles which produce the sensation of smell; and hence 
while odors, or speaking more properly, from the stand- 
point of marine organisms, flavors or tastes undoubtedly 
exist in the ocean water, they could not, on account of the 
water currents, lack of diffusion, etc., serve the purpose 
which the odors of land animals serve of giving indication 
of the presence and location of the creatures. It there- 
fore would not be unreasonable to assume that in the gre- 
garious simple luminous marine forms, the photogenic 
function takes the place to some extent of the animal 
odors of land forms. 

To sum up, then: 
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From analogy to terrestrial forms, the photogenicity 
and coloration of’ marine organisms must play some 
essential part in their life histories; 

The. absence of definite organs for the reception of the 
radiations of light may not necessarily indicate that the 
forms from which they are absent are insensible to these 
radiations ; 

The photogenic function in certain simple marine 
forms may replace the olfactory function of terrestrial 
forms, to some extent. 
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SHORTER ARTICLES AND DISCUSSION 


COMPUTING CORRELATION IN CASES WHERE SYM- 
METRICAL TABLES ARE COMMONLY USED 


In studying the assortative mating of Paramecium I have 
found occasion to compute the correlation in many cases for 
which double or symmetrical tables are commonly employed. 
I have found that in such cases the use of symmetrical tables 
is quite unnecessary and the computations can be performed 
with much less labor without them. It will, therefore, be worth 
while to show how the use of symmetrical tables can be avoided. 

When the two objects to be compared are alike, as when the 
two members, A and B, of conjugating pairs are examined, 
evidently either A or B might be entered in either the horizontal 
rows or the vertical columns of the correlation table. In such 
cases, the mean computed from the rows, and that computed 
from the columns are likely to differ, depending on which indi- 
viduals were entered in the rows, which in the columns. If, for 
example, the larger individual is always entered in the vertical 
columns, the smaller in the horizontal rows, as in Table II, then 
the means and standard deviations of the two sets will differ 
much. As a result the coefficient of correlation computed in 
the usual way will show varying values, depending on how the 
pairs are entered in the table. From the collection shown in 
Table II we ean by varying the method of entering the pairs 
get coefficients of correlation varying from 0.132 to 0.523. 

Under such conditions Pearson (1901), Pearl (1907) and 
others enter each pair twice, once in the rows, once in the col- 
umns. This gives a ‘‘symmetrical’’ table, in which the sums 
of either the rows or the columns include all the individuals. 
This method is theoretically correct, since each individual fune- 
tions both as ‘‘principal’’? and as ‘‘mate’’; the coefficient of 
correlation computed from such symmetrical tables is the cor- 
rect one. But such symmetrical tables are cumbersome and 
involve much labor. Pearl (1907) gives a formula by which the 
same coefficient can be obtained without making symmetrical 
tables, by computations involving the two means and standard 
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deviations and the coefficient of correlation found in the usual 
way. 

But it is possible to find the correct coefficient of correlation 
from ordinary tables, and with much less labor than by either 
the use of symmetrical tables or by the method given by Pearl. 
To see how this can be done, it is well to examine a symmetrical 
table prepared for computation of the coefficient of correlation, 
such as is given in Table I. Here the large figures give the 
frequencies, while the subscripts in smaller type give the prod- 
ucts of the deviations from the approximate mean (37). There 
are two main points to be considered: (1) How the quantity 
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TABLE I. SYMMETRICAL CORRELATION TABLE FOR THE LENGTHS OF 125 Parrs 
or Paramecium aurelia; each individual entered twice, once in the vertical 
columns, once in the horizontal rows. (Unit of measurement, 4 microns.) 


S(ay) is to be correctly obtained; (2) how the mean and stan- 
dard deviation are to be correctly obtained. 

1. With regard to the first point, it will be observed that such 
a table is divisible by a diagonal passing from the upper left- 
hand corner to the lower right-hand corner into two halves which 
are in all respects duplicates as regards both frequencies and 
deviation products. (The frequencies through which the diag- 
onal line passes are to be divided evenly between the two halves.) 
It is evident, therefore, that if we use only one of these halves 
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of the table in getting the sum S(xy) we shall get just one half 
the sum we should get by using the whole table; the sum for the 
whole table would therefore be obtained simply by doubling this 
half-sum. Now, if in place of making a symmetrical table we 
enter always the larger member of each pair in the vertical 
columns, the smaller in the horizontal rows, we shall get a table 
that is precisely one of these duplicate halves of the symmetrical 
table; this will be seen by comparing Tables I and II. The 
quantity S(2y) from such a table will then be just half that 
from the symmetrical table; it may then be doubled, and the 
further computation will be identical with that for the symmet- 
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TABLE II. THE SAME TABLE SHOWN IN TABLE I, SAVE THAT EACH INDIVIDUAL 
IS ENTERED BUT ONCE—the larger member of the pair in the vertical column, the 
smaller in the horizontal row. 


rical tables. Or (as we shall see) this half sum, which forms 
the dividend in obtaining the coefficient of correlation, may be 
divided by a number half as great as in the symmetrical tables, 
giving the same result. 

It will further be seen that if in place of entering all pairs in 
the same way—the larger members in the columns, the smaller 
in the rows—we enter some or all of them differently, this will 
make no difference in the result. If in Table II, for example, 
the pair showing measurements 44 by 34 were entered in the 
reverse way, it would fall, no longer in the right upper quad- 
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rant, but in the left lower quadrant, at the point marked X. 
Here, as examination will show, it would receive the same sub- 
script that it has now, and would count as negative, exactly as 
it now does. Again, suppose the pair 36 by 31 were similarly 
transposed ; it would still fall in the left upper quadrant, at the 
point marked Y, where it would receive the same subscript as at 
present and count as positive, just as at present. And so of all 
other cases; the value of a pair is not altered in any way by 
changes in the way it is entered in the table. In making the 
table, therefore, the pairs may be entered only once and quite at 
random, or in any way that is convenient. 

2. With regard to the mean and standard deviation, the ap- 
parent advantage of symmetrical tables is that they give us the 
actual mean of all the individuals; it is to this mean that our 
correlation must refer. But this actual mean can readily be 
obtained from the tables in which each pair is entered but once, 
in any way that happens to be convenient. It is merely neces- 
sary to add together the sums of the rows and of the columns 
of the table. Thus in Tab!e II the number of individuals having 
the length 35 is not 17 (sum from the row beginning with 35), 
nor 6 (sum from the column headed 35), but 23 (sum from both 
the row and the column) and so for all other classes. It will be 
well to illustrate by an example certain of the steps in the com- 
putation. Table II shows a correlation table of single entry, as 
prepared for computation of the coefficients of correlation and 
other constants. 

After finding the sums of the rows (given in column A at the 
right) and of the columns (given in B, underneath), we place 
the latter sums (B) by the side of A, in the proper places (as 
at B’), then add the two sets, giving the sums shown in the 
eolumn C at the right. These are the same sums that we should 
get from a symmetrical table; adding these we get the total 
number of individuals (250 in Table II). Now from this 
column C we find the approximate mean in the usual way; it 
lies in this ease at the length 37 (with 38 individuals). Through 
the column and the row headed 37 we therefore draw the lines 
serving as axes of reference in finding the correlation. We now 
find the correlation in the usual way. In so doing (1) we make 
use always of the sums in the column C in finding mean, stan- 
dard deviation, ete. (2) We use for both horizontal and ver- 
tical axes of reference in computing the correlation in all cases 
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a row and column with the same heading (37 in this case). 
(3) We employ the ordinary frequencies in the body of the 
table in getting the sum of the deviations of (xy) for use in the 
formula for the coefficient of correlation, just as in ordinary cor- 
relation tables. The computation of the coefficient is of course 
(as in the case of symmetrical tables) considerably simpler 
than in the usual ease, since we have but one standard deviation 
and one quantity d to deal with. 

Only one other point in the computation is peculiar, requiring 
careful observance. If we let » signify the number of pairs 
and N the number of individuals (so that N = 2m), then in find- 
ing the mean, standard deviation, and coefficient of variation, 
we use N (just as in symmetrical tables), so that the formula for 
the standard deviation is 


c= .083. 


But in getting the coefficient of correlation, the sum S(zy) 
which we get from our unsymmetrical table is just half what we 
should get from a symmetrical table (as we have already seen). 
Therefore, to make the computations identical with those for 
symmetrical tables, we must either double this sum in the for- 
mula for the coefficient of correlation, or what is simpler, in 
place of doubling this sum we may halve the number by which 
we divide this sum, that is, we may use » in place of N. Thus 
the formula for the coefficient of correlation becomes by this 


method 
r= a) x 
n 


This method lends itself readily to the valuable procedure 
recently described by Harris (1910) for finding the coefficient 
of correlation, the only point requiring careful attention being 
the fact that in finding the standard deviation we must use 
N (number of individuals), while in the formula for the coeffi- 
cient of correlation we must use » (number of pairs). The 
present plan is likewise well adapted for finding the coefficient 
of correlation by the ‘‘difference method’’ (see Harris, 1909). 

If the method we have described is used, the pairs are entered 
in the table but once, in any way that is convenient; the correla- 
tion computed will always be the same, and identical with that 
from symmetrical tables. It avoids the cumbersome and labo- 
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rious symmetrical table; at the same time it involves much less 
labor than the method given by Pearl. When there are many 
tables to be computed, the amount of drudgery it saves is great. 
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